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Background: CD200 and CD47 are inhibitory proteins expressed on a variety of 
cells and they bind to their receptors to exert inhibitory functions. CD47 suppresses 
the phagocytic activity of macrophages through SIRPα ligation and CD200-CD200R 
interaction induces the intracellular signaling of CD200R and promotes immune 
modulation such as suppression of cell adhesion and cytokine release, thus 
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enhancing engraftment and immune tolerance. The aim of this study is to compare 
the suppressive activity of human CD200 and human CD47 against human 
macrophages and assess the additive effects of both molecules in the interaction of 
porcine endothelial cells (PECs) and human macrophages. 
Materials and Methods: Porcine endothelial cell lines that stably overexpress 
human CD200 or CD47 were established by human CD200 or CD47 containing 
recombinant lentivirus construction followed by viral transduction. Human 
macrophages were incubated with recombinant PECs to evaluate suppressive effect 
of human CD200 and CD47 on cytotoxicity, phagocytosis, secretion of pro-
inflammatory cytokines and proliferation of human macrophages during in the 
xenogeneic immune reaction. 
Results: The present study demonstrated that overexpression of both human CD200 
and human CD47 in PECs suppressed the xenogeneic immune response of human 
macrophages. Human CD200 and CD47 inhibited cytotoxicity such as cell necrosis 
and early and late apoptosis and suppressed phagocytosis of human macrophages. 
Also, human CD200 and CD47 negatively controlled pro-inflammatory cytokine 
secretion and proliferation of human macrophages in response to xenogeneic 
stimulation. Furthermore, the co-expression of human CD200 and human CD47 had 




Conclusion: both human CD200 and human CD47 suppressed the activation of 
human macrophages in response to xenogeneic stimulation. Moreover, the 
suppressive activity of the co-expression of human CD200 and human CD47 was 
more effective against macrophage activation than that of the expression of either 
CD200 or CD47 alone. Therefore, the generation of double-transgenic pigs with 
human CD200 and human CD47 could be a promising approach for improving 
xenograft survival. 
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Despite successful outcomes after transplantation, donor shortage is still the 
biggest obstacle in organ transplantation. As an alternative solution to address 
organ shortage, pig-to-human xenotransplantation has been investigated, and some 
barriers such as hyperacute xenograft rejection have been overcome. 
The xenogeneic immune response consists of three stages of xenograft rejection 
including hyperacute rejection, acute vascular rejection, and cellular xenograft 
rejection. (1-3) Hyperacute rejection is caused by a high titer of natural antibodies 
against the α-1,3-Gal xenoantigen (α-gal). These α-gal epitopes exist on the surface 
of the vascular endothelium of all species except humans and primates. (1) Acute 
vascular rejection, which is also known as delayed xenograft rejection, is a second 
barrier that is associated with the endothelial cell damage, thrombosis, and 
infiltration of the grafts with mononuclear cells. The next obstacle to 
xenotransplantation is cellular xenograft rejection. Cellular xenograft rejection 
involves T cells or innate immune cells and triggers a stronger immune response 
than allogeneic cellular rejection. (3) 
Among the various innate and adaptive immune cells involved in xenograft 
rejection, macrophages play an important role in xenograft rejection. (4) In the 
early stage following xenotransplantation, graft-infiltrating macrophages respond 
to ischemia-reperfusion injuries by destroying nearby tissues and mediating T cell 
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immune responses. (5) Macrophages are believed to function as a key mediator of 
acute vascular rejection, involving donor endothelial cell damage with 
mononuclear cell infiltration, where macrophages are activated by xenoreactive 
antibody-dependent cellular cytotoxicity. (6, 7) Moreover, macrophages contribute 
to cellular xenograft rejection by either direct toxicity or amplifying T cell-
mediated immune responses. (8) Macrophages can be activated by MCP-1 and 
IFN-γ, which are produced by activated T cells, and infiltration of macrophages to 
the graft tissue leads to further T cell activation. (9) Macrophages are also activated 
by either galectin-3 binding to α-gal or toll-like receptor ligation. When these 
macrophage receptors bind to xenoantigens, macrophages secrete TNFα, IL-1, and 
nitric oxide and exert a cytotoxic effect on donor tissues. (10) 
Considering the important roles of macrophages in xenograft rejection, 
macrophage activation needs to be regulated to improve xenograft survival. CD47 
is an inhibitory molecule that is expressed on a variety of cells and binds to the 
receptor CD172a (signal regulatory protein, SIRPα) on myeloid cells such as 
macrophages and dendritic cells. CD47 suppresses the phagocytic activity of 
macrophages through SIRPα ligation and subsequent intracellular signaling. SIRPα 
contains two immunoreceptor tyrosine-based inhibitory motifs (ITIMs) with 
phosphatase activity in its cytoplasmic region (SHP-1 and SHP-2). Several 
xenograft transplantation studies have been conducted with CD47. In a study, the 
death of only CD47 knock-out cells occurred when the cells from wild-type mice 
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and CD47 knock-out mice were co-transplanted; thus, CD47 was first proposed as 
an inhibitory molecule. (11) Furthermore, during allogeneic hematopoietic cell 
transplantation, the blood cells of CD47 knock-out mice were rapidly eliminated 
from wild-type mice (12), and the level of the CD47-SIRPα interaction was found 
to have a positive correlation with phagocytosis inhibition. (13) In regard to species 
incompatibility, porcine CD47 could not interact with the SIRPα of mouse 
macrophages, whereas porcine cells with transgenic expression of mouse CD47 
could avoid phagocytosis by mouse macrophages. (14) In addition, porcine cells 
with human CD47 demonstrated decreased in vitro phagocytosis by human 
macrophages. (15) The survival of pig skin tissue has been extended following 
administration of porcine cells with human CD47, and the transgenic expression of 
human CD47 has enhanced engraftment in a murine model of pig-to-human 
hematopoietic cell transplantation. (16, 17) All these findings reveal the 
contribution of CD47 interspecies incompatibility to xenograft rejection and 
suggest the beneficial role of species-specific CD47 expression for a successful 
xenograft engraftment. 
Similar to CD47, CD200 is one of the inhibitory molecules involved in the 
regulation of macrophage pro-inflammatory immune responses to maintain body 
homeostasis. Therefore, they can be target molecules for macrophage inhibition in 
the xenogeneic immune response. Although both CD200 and CD47 are expressed 
on various cells, their receptors are restricted to myeloid cells such as macrophages 
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and monocytes. A short cytoplasmic tail of CD200 and CD47 might indicate the 
absence of intracellular signaling; however, their receptors, CD200R and SIRPα, 
have longer cytoplasmic domains that enable intracellular signaling after binding 
with their ligands. In the CD200-CD200R interaction, ligation of CD200 to 
CD200R induces the intracellular signaling of CD200R and promotes immune 
modulation such as suppression of cell adhesion and cytokine release, thus 
enhancing engraftment and immune tolerance. Unlike other inhibitory receptors, 
the intracellular signaling of CD200R is not associated with ITIMs but with three 
tyrosine residues. (18) Among the tyrosine residues of CD200R, the distal residue 
has a NpxY domain that binds to the phosphotyrosine-binding domain of Dok1, 
Dok2, and Shc. (19) Dok proteins phosphorylate Ras GTPase (RasGAP) and SH2-
containing inositol phosphatase (SHIP) proteins, leading to the inhibition of 
mitogen-activated protein kinase (MAPK) and NF-κB. Inhibition of MAPK and 
NF-κB suppresses the secretion of pro-inflammatory cytokines (IL-1, IL-6, and 
TNFα) and increases the secretion of anti-inflammatory cytokines (IL-10 and TGF-
β). (20) In addition to direct cell-to-cell inhibition, the CD200-CD200R interaction 
has an indirect inhibitory effect on T cells by inducing regulatory T cells and 
activating indoleamine 2, 3-dioxygenase (IDO), thus suppressing antigen-
presenting cells and T cells. (21)  
The immunomodulatory effects of CD200 have been studied in various 
transplantation models. CD200-Fc infusion can extend allograft survival in rat-to-
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mouse models of skin and kidney transplantation (22), and the CD200-Fc-induced 
suppression of mouse skin allograft rejection may be interfered by synthesized N-
terminal proteins of CD200 and CD200R. (23) Genetic manipulation of CD200 or 
CD200 receptor also has demonstrated the important role of the CD200-CD200R 
interaction in allograft survival. Wild-type recipients require both CD200 and 
CD200R1 expression on graft tissues for prolongation of allograft survival, and in 
comparison with wild-type grafts, CD200 transgenic grafts stimulate antigen-
specific cytotoxic T lymphocytes to a lesser degree in draining lymph nodes. (24) 
Furthermore, grafts with transgenic expression of CD200R can increase allograft 
survival in CD200 transgenic recipients. Prolonged allograft survival by CD200 
overexpression in recipients is associated with elevated levels of regulatory T cells 
and increased IL-35 and IDO expression. (25-28) In studies using CD200R knock-
out recipients, allograft survival was not increased in CD200 transgenic recipients. 
(29, 30) These data suggest that the CD200-CD200R interaction plays an important 
role in the suppression of allograft rejection. Furthermore, CD200-Fc also 
prolonged xenograft survival in rat-to-mouse models of islet, skin, and kidney 
xenotransplantation. (22, 31) However, no studies have investigated whether the 
CD200-CD200R interaction can suppress the xenogeneic immune response in 
discordant xenogeneic interactions beyond concordant xenogeneic interactions. 
Therefore, it would be interesting to compare the effect of human CD200 
overexpression in porcine endothelial cells (PECs) with that of human CD47 
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overexpression in PECs on the xenogeneic immune response of human 
macrophages. Here, we compared the suppressive activity of human CD200 and 
human CD47 against human macrophages and assessed the additive effects of both 
molecules in the interaction of PECs and human macrophages. We also compared 















Materials and Methods 
 
Target gene preparation 
The commercial plasmid vector was obtained from the Harvard Plasmid Database 
(Clone ID: HsCD00417195 – human CD200, HsCD00326795 – human CD47). 
The human inserts (CD200 and CD47) of the plasmid vectors were acquired by 
PCR amplification using a forward primer encoding BamHI 
(CAAGGATCCGATGGAGAGGCTGGTGATCAGG) and a reverse primer 
encoding EcoRI (GCAGAATTCTTAGGGCTCTCGGTCCTGATTCC) for CD200 
(Figure 1A) as well as a forward primer encoding BamHI 
(CAAGGATCCGATGTGGCCCCTGGTAGCGGCG) and a reverse primer 
encoding xbal (CCCTCTAGATCAGTTATTCCTAGGAGGTTGTAT) for CD47 
(Figure 1B). The human immunoglobulin G4 (hIgG4) Fc fragment (672 bp) was 







Recombinant lentivirus production 
Lentiviruses containing the target proteins or mock vector were produced by 
transient co-transfection of a three-plasmid system (Figure 1C). HEK293 cells 
were transiently co-transfected with the target plasmid, packaging plasmid, and 
envelope plasmid using calcium phosphate transfection buffer. The virus-
containing cell culture media was collected 3‒4 days after co-transfection, filtered 
through a 0.45-μm filter, and centrifuged at 50,000 × g for 2 h. The virus particle 





PECs were seeded at a density of 2 × 105 cells per well in complete DMEM media 
24 h prior to lentiviral transduction. Viral transduction was performed by adding 
the lentivirus in 5 mL of cell culture media, and cells were incubated (37°C, 5% 
CO2) for 10 days (Figure 1C). Culture media (5 mL) was added 24 h after 























































Figure 1. Lentiviral construction and establishment of porcine endothelial cell lines 
with stable human CD200 or CD47 overexpression 
(A–B) Schematic map of (A) pLenti6-CD200 and (B) pLenti6-CD47. The CMVp 
promoter is followed by inserts of the BamHI-to-EcoRI fragment and BamHI-to-
Xbal fragment for pLenti6-CD200 and pLenti6-CD47, respectively. (C) 
Establishment of a PEC line with human CD200 or CD47 overexpression. 
Recombinant lentiviruses were produced by co-transfection of the target plasmid, 
packaging plasmid, and envelope plasmid on the HEK293 cells and harvested by 
collecting the virus-containing cell culture media. Then, porcine endothelial cells 
were transduced with purified recombinant lentiviruses. After viral transduction, 
the cells were passaged and cultured for the stable expression of target molecules. 
PEC, porcine endothelial cell. CMVp, human cytomegalovirus promoter; HIV-









Human macrophage preparation 
Human monocytes were separated from the peripheral blood of healthy donors 
using Ficoll-Hypaque gradient and Percoll gradient. The blood was layered onto 
Ficoll (1.077) and centrifuged at 800 × g for 20 min at 4°C. Then, the peripheral 
blood mononuclear cell (PBMC) layer was harvested, washed twice with cold 
phosphate-buffered saline (PBS), and resuspended in cold PBS. PBMCs were again 
layered onto 50% Percoll (1.065) and centrifuged at 800 × g for 20 min at 4°C. The 
human monocyte layer was harvested, washed twice with cold PBS, and cultured 
for 4 h at 37°C for cell attachment. After 4 h, the supernatant was discarded, and 
the attached cells were washed with cold PBS. After overnight incubation, adherent 
human macrophages were harvested. 
 
Cell culture 
All cells were maintained at 37°C in a humidified atmosphere of 5% CO2 in air and 
were cultured in RPMI-1640 media containing 10% heat-inactivated fetal bovine 
serum, 50 μM of 2-mercaptoethanol (2-ME), 20 mM of HEPES buffer, and 1% 






PECs with overexpression of target molecules were seeded in 96-well plates (1 × 
105/well). Subsequently, human macrophages were added to each well (2 × 
105/well). Both cells were incubated together for 6 h to induce the apoptosis or 
necrosis of PECs. Then, the cell mixtures were harvested, stained with Annexin V 
and 7-aminoactinomycin D (7-AAD), and analyzed by flow cytometry. Overall, 
cellular viability was also assessed by lactate dehydrogenase (LDH) assay (Sigma, 
St Louis, Mo, USA). 
 
Phagocytosis assay 
PECs were stained with a violet fluorescent dye according to the manufacturer’s 
protocol. Labeled PECs (1 × 105/well) were incubated with CD14+ human 
macrophages (2 × 105/well) in 96-well plates for 2 h at 37°C. Then, the cell 
mixtures were harvested and stained with anti-human CD14. In flow cytometric 
analysis, the proportion of CD14+ violetint double-positive cells among CD14+ cells 







Human macrophages (2 × 105/well) were mixed with PECs (1 × 105/well) and 
incubated for 24 h in 96-well plates. After incubation, the supernatants were 
collected, and the secretion levels of human pro-inflammatory cytokines such as 
IL-1β, IL-6, and TNFα were measured using enzyme-linked immunosorbent assay 




PECs were stained with Violet Cell Tracker and irradiated at 100 rad. Irradiated 
and labeled PECs (1 × 104) were seeded in 96-well plates and incubated for 2 h. 
Human macrophages were labeled with carboxyfluorescein succinimidyl ester 
(CFSE). Then, CFSE-labeled macrophages were added to each well (2 × 105) and 
incubated with PECs for 72 h.  
 
Statistics 
Continuous variables were compared by t-test, and P values less than 0.05 were 
considered statistically significant. Statistical analyses were performed using 





Sequence similarity between CD200 and CD47 of human and porcine  
When amino acid sequence of porcine CD47 was compared with that of human 
CD47 using Clustal Omega program (EMBL-EBI, Hinxton, UK), sequence identity 
and similarity were 73.1% and 79.67%, respectively (Figure 2A). Sequence 
identity and similarity between human and porcine CD200 were 82.8% and 86.6%, 
respectively (Figure 2B). Sequence homology of CD200 between human and 















Figure 2. Comparison of amino acid sequences between human and porcine 
CD200 and CD47 
(A) When amino acid sequence of porcine CD47 was compared with that of human 
CD47, sequence identity and similarity were 73.1% and 79.6%, respectively. (B) 
When amino acid sequence of human and porcine CD200 were compared, its 
identity and similarity were 82.8% and 86.6%, respectively (Figure 2B). Sequence 
homology between human and porcine CD47 and CD200 were compared using 
Clustal Omega program (EMBL-EBI, Hinxton, UK). 
 
 
Expression of transmembrane and secretory forms of human CD200 in 
PECs 
In comparison with control PECs transduced with the mock vector, PECs 
transduced with lentiviruses containing the transmembrane form of human CD200 
(hCD200-PECs) had a much higher expression level of human CD200 (Figure 3A). 
In contrast, the CD200 expression in PECs transduced with lentiviruses containing 
the secretory form of human CD200 (hCD200-Fc-PECs) was slightly higher than 




Expression of transmembrane and secretory forms of human CD47 in PECs 
The expression level of human CD47 in PECs transduced with the transmembrane 
form human CD47 (hCD47-PECs) or secretory form human CD47 (hCD47-Fc-
PECs) was compared with PECs transduced with the mock vector. Similar to the 
expression level of CD200 in hCD200-PECs and hCD200-Fc-PECs, the expression 
level of CD47 in hCD47-PECs was much higher than in control PECs (Figure 3C), 
and it was slightly higher in hCD47-Fc-PECs than in control PECs (Figure 3D).  
 
Co-expression of human CD200 and human CD47 in PECs 
The target gene expression levels in PECs transduced with lentiviruses containing 
both human CD200 and human CD47 were analyzed by flow cytometry. Most of 
the hCD200/hCD47-PECs had a high expression level of both CD200 and CD47 
(Figure 3E). hCD200-Fc/hCD47-Fc-PECs also expressed CD200 and CD47 




Figure 3.  
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Figure 3. Expression of human CD200 and human CD47 in porcine endothelial 
cells 
The expression levels of human CD200 and human CD47 in lentivirus transduced 
PECs were analyzed by flow cytometric analysis. (A–D) Both (A) CD200 and (C) 
CD47 were highly expressed in hCD200-PECs and hCD47-PECs, respectively; 
however, (B) the expression of CD200 in hCD200-Fc-PECs and (D) CD47 in 
hCD47-Fc-PECs was only slightly higher than their corresponding expression in 
control PECs with the mock vector. (E) hCD200/hCD47-PECs that were 
simultaneously transduced with lentivirus-CD200 and lentivirus-CD47 had a high 
expression level of both CD200 and CD47. (F) In contrast, hCD200-Fc/hCD47-Fc-
PECs that were transduced with lentiviruses containing the secretory form of 
CD200 and CD47 had a weak expression level of both CD200 and CD47, and they 









CD14 expression in human macrophages prepared from PBMCs 
We prepared human macrophages from PBMCs by adhesion. Flow cytometric 









Figure 4. High expression level of CD14 in human macrophages 
Human macrophages were prepared from human peripheral mononuclear cells by 












Suppression of the cytotoxicity of human macrophages by overexpression of 
human CD200 and human CD47 in PECs 
In LDH assays, both CD200 and CD200-Fc suppressed the cytotoxicity of human 
macrophages against PECs, and the suppressive effect of CD200 was higher than 
that of CD200-Fc (Figure 5A). CD47 also demonstrated strong suppressive effects 
on macrophage cytotoxicity, whereas CD47-Fc suppressed the cytotoxicity of 
human macrophages in the xenogeneic immune response to a lesser degree (Figure 
5B). Simultaneous staining of Annexin-V and 7-AAD showed that both CD200 and 
CD200-Fc in PECs suppressed the early and late apoptosis of PECs by human 
macrophages, and the suppressive effect of the transmembrane form was better 
than that of the secretory form (Figure 5C, 5E). Although both CD47 and CD47-Fc 
suppressed the cytotoxic activity of human macrophages against PECs, there was 
no difference in suppressive activity between the transmembrane and secretory 
forms (Figure 5D, 5F). Overall, both human CD200 and human CD47 suppressed 











Figure 5. CD200 and CD47 suppression of the cytotoxic activity of human 
macrophages against porcine endothelial cells 
(A) The cytotoxic activity of human macrophages against PECs was suppressed to 
a greater extent by CD200 than by CD200-Fc in LDH assays. (B) The cytotoxic 
activity of human macrophages against PECs was suppressed to a greater extent by 
CD47 than by CD47-Fc in LDH assays. (C) The early apoptosis (Annexin-V+/7-
AAD-) of PECs was reduced to a greater extent by CD200 than by CD200-Fc in 
flow cytometric analysis. (D) The early apoptosis (Annexin-V+/7-AAD-) of PECs 
was reduced to a similar degree by CD47 and CD47-Fc in flow cytometric analysis. 
(E) The late apoptosis (Annexin-V+/7-AAD+) of PECs was reduced to a greater 
extent by CD200 than by CD200-Fc in flow cytometric analysis. (F) The late 
apoptosis (Annexin-V+/7-AAD+) of PECs was reduced to a similar degree by 
CD47 and CD47-Fc in flow cytometric analysis. *P < 0.05, **P < 0.01 compared 
with the control group. #P < 0.05, ##P < 0.01 compared with the secretory forms. 







Suppression of the phagocytic activity of human macrophages by 
overexpression of human CD200 and human CD47 in PECs 
The phagocytic activity of human macrophages against PECs was suppressed to a 
lesser degree by CD200 than by CD47 (Figure 6). However, phagocytosis was 
suppressed to a similar degree by CD200-Fc and CD47-Fc (Figure 6). Taken 
together, both human CD200 and human CD47 suppressed the phagocytic activity 














Figure 6. CD200 and CD47 suppression of the phagocytic activity of human 
macrophages against porcine endothelial cells 
PECs with overexpression of either the transmembrane or secretory form of CD200 
or CD47 were subjected to phagocytosis by CD14+ human macrophages. (A) Both 
CD200 and CD200-Fc suppressed the phagocytic activity of human macrophages, 
and the suppressive effect of secretory CD200-Fc was stronger than that of 
transmembraneous CD200. (B) Both transmembraneous and secretory CD47 
suppressed the phagocytic activity of human macrophages to a similar degree. *P < 
0.05, **P < 0.01 compared with the control group. #P < 0.05, ##P < 0.01 compared 











Inhibition of pro-inflammatory cytokine secretion from human macrophages 
by human CD200 and human CD47 in PECs 
Human macrophages can mediate the xenogeneic immune response by secreting 
pro-inflammatory cytokines such as IL-6, TNFα, and IL-1β. Both the 
transmembrane and secretory forms of human CD200 suppressed the secretion of 
IL-6, TNFα, and IL-1β (Figure 7A, C, E). CD47 and CD47-Fc also suppressed the 
secretion of IL-6 and IL-1β (Figure 7B, D); however, both the transmembrane and 













Figure 7.  
29 
 
Figure 7. CD200 and CD47 suppression of the secretion of pro-inflammatory 
cytokines from human macrophages in response to xenogeneic stimulation 
The cytokine secretions of human macrophages stimulated by PECs were measured 
by ELISA. (A) Both CD200 and CD200-Fc suppressed IL-6 secretion from human 
macrophages. (B) Both CD47 and CD47-Fc suppressed IL-6 secretion from human 
macrophages. (C) Both CD200 and CD200-Fc suppressed TNF-α secretion from 
human macrophages. (D) However, neither CD47 nor CD47-Fc suppressed TNF-α 
secretion from human macrophages. (E) CD200 and CD200-Fc had a significant 
suppressive effect on IL-1β secretion from human macrophages. (F) CD47-Fc had 
a significant suppressive effect on IL-1β secretion from human macrophages. *P < 
0.05, **P < 0.01 compared with the control group. #P < 0.05, ##P < 0.01 compared 
with the secretory forms. ELISA, enzyme-linked immunosorbent assay; PEC, 









Suppression of the proliferation of human macrophages by human CD200 
and human CD47 in PECs 
The suppressive activity of human CD200 and human CD47 against the 
proliferation of human macrophages in response to xenogeneic stimulation was 
measured by CFSE staining. The proliferation of CFSE-labeled human 
macrophages was suppressed by CD200, specifically secretory CD200-Fc (Figure 
8A). In addition, both the transmembrane and secretory forms of CD47 suppressed 
the proliferation of human macrophages (Figure 8B). 
 
Figure 8.  
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Figure 8. CD200 and CD47 suppression of the proliferation of human 
macrophages in response to xenogeneic stimulation 
The proliferation of human CD14+ macrophages stimulated by PECs was assessed 
by CFSE staining. (A) In comparison with CD200, CD200-Fc was more efficient 
in suppressing macrophage proliferation. (B) The suppression of macrophage 
proliferation in the CD47-PEC group was greater than in the control PEC group. 
The proliferation of human macrophages was lowest in the presence of hCD47-Fc-
PECs. *P < 0.05, **P < 0.01 compared with the control group. #P < 0.05, ##P < 0.01 
compared with the secretory forms. CFSE, carboxyfluorescein succinimidyl ester; 











Additive effects of human CD200 and human CD47 on the cytotoxic activity 
of human macrophages against PECs 
LDH assay demonstrated that a combination of transmembrane CD200 and CD47 
had additive effects on the cytotoxic activity of human macrophages (Figure 9A). A 
combination of secretory CD200-Fc and CD47-Fc also demonstrated better 
suppression than either CD200-Fc or CD47-Fc (Figure 9B). However, CD200 and 
CD47 did not demonstrate any additive effects in suppressing early or late 
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Figure 9. Additive effects of human CD200 and human CD47 on the cytotoxic 
activity of human macrophages against porcine endothelial cells 
(A) The cytotoxic activity of human macrophages against PECs was suppressed to 
a greater extent in the double transmembrane group with overexpression of both 
hCD200 and hCD47 (hCD200/hCD47-PECs) than in the hCD200-PEC or hCD47-
PEC group in LDH assays. (B) The cytotoxic activity of human macrophages 
against PECs was also suppressed to a greater extent in the double secretory group 
(hCD200-Fc/hCD47-Fc-PECs) than in the hCD200-Fc-PEC or hCD47-Fc-PEC 
group in LDH assays. (C) However, the early apoptosis (Annexin-V+/7-AAD-) of 
PECs was reduced to a lesser extent in the hCD200/hCD47-PEC group than in the 
hCD200-PEC or hCD47-PEC group in flow cytometric analysis. (D) The early 
apoptosis (Annexin-V+/7-AAD-) of PECs was reduced to a greater extent by 
hCD200-Fc/hCD47-Fc than by hCD200-Fc or hCD47-Fc in flow cytometric 
analysis. (E) The late apoptosis (Annexin-V+/7-AAD+) of PECs was reduced to a 
lesser extent by hCD200/hCD47 than by hCD200 or hCD47 in flow cytometric 
analysis. (F) The late apoptosis (Annexin-V+/7-AAD+) of PECs was reduced to a 
greater extent by hCD200-Fc/hCD47-Fc than by hCD47-Fc in flow cytometric 
analysis. *P < 0.05, **P < 0.01 compared with the control group. #P < 0.05, ##P < 





Suppression of the phagocytic activity of human macrophages by co-
expression of human CD200 and human CD47 
The suppressive effects of a combination of human CD200 and human CD47 on 
the phagocytic activity of human macrophages were compared with those of 
CD200 alone or CD47 alone. The co-expression of CD200 and CD47 was more 
effective than CD200 or CD47 in both transmembrane (Figure 10A) and secretory 









































































































Figure 10. Suppressive effects of human CD200 and human CD47 co-expression 
on the phagocytic activity of human macrophages 
The suppressive effects of human CD200 and human CD47 co-expression (double 
group) on the phagocytic activity of human macrophages were compared with 
those of CD200 alone or CD47 alone. The double group was more effective than 
CD200 or CD47 in both (A) transmembrane and (B) secretory forms. *P < 0.05, **P 














Comparison of the cytokine suppressive potency between single- and co-
expression of human CD200 and human CD47  
We compared the suppressive effects of hCD200/hCD47 with those of hCD200 or 
hCD47 on cytokine secretion by human macrophages. The additive effects of 
human CD200 and CD47 were not consistent in suppressing various pro-
inflammatory cytokines such as IL-6, TNF-α, and IL-1β (Figure 11A–F). CD200 





Figure 11.  
39 
 
Figure 11. Comparison of the cytokine suppressive potency between single- and 
co-expression of human CD200 and human CD47  
The suppressive effects of human CD200/CD47 on cytokine secretion by human 
macrophages were compared with those of CD200 or CD47 using ELISA. The 
additive effects of human CD200 and CD47 were not consistent in suppressing 
various pro-inflammatory cytokines such as (A–B) IL-6, (C–D) TNF-α, and (E–F) 
IL-1β. CD200 and CD47 did not have an additive effect in either the 
transmembrane or secretory form except for the effect of CD200/CD47 on IL-1β 
(E). *P < 0.05, **P < 0.01 compared with the control group. #P < 0.05, ##P < 0.01 
compared with the double group. ELISA, enzyme-linked immunosorbent assay; 










Suppression of the proliferation of human macrophages by co-expression of 
human CD200 and human CD47 
Both transmembrane human CD200 and human CD47 suppressed the proliferation 
of human macrophages in response to xenogeneic stimulation (Figure 12A). The 
co-expression of transmembraneous human CD200 and human CD47 was more 
effective than the single expression of transmembraneous human CD200 or human 
CD47 (Figure 12A). In parallel, macrophage proliferation was suppressed to a 
greater extent by the co-expression of secretory human CD200-Fc and human 














Figure 12. Suppressive effects of human CD200 and human CD47 co-expression 
on the proliferation of human macrophages 
The proliferation of human macrophages stimulated by PECs was measured by 
CFSE staining. (A) Both transmembraneous human CD200 and human CD47 
suppressed the proliferation of human macrophages in response to xenogeneic 
stimulation, and the co-expression of C human D200 and human CD47 was more 
effective than the single expression of human CD200 or human CD47. (B) In 
parallel, macrophage proliferation was suppressed to a greater extent by a 
combination of secretory human CD200-Fc and human CD47-Fc than by human 
CD200-Fc alone or human CD47-Fc alone. *P < 0.05, **P < 0.01 compared with the 
control group. #P < 0.05, ##P < 0.01 compared with the double group. CFSE, 











The present study demonstrated that overexpression of both human CD200 and 
human CD47 in PECs suppressed the xenogeneic immune response of human 
macrophages. Furthermore, the co-expression of human CD200 and human CD47 
had additive effects in suppressing macrophage activation in response to 
xenogeneic stimulation. Both the transmembrane and secretory forms of human 
CD200 and human CD47 in PECs suppressed the cytotoxicity, phagocytosis, 
secretion of pro-inflammatory cytokines, and proliferation of human macrophages 
in response to xenogeneic stimulation.  
The limited compatibility (73%) of amino acid sequences between human CD47 
and pig CD47 might contribute to the uncontrolled xenogeneic activation of human 
macrophages during pig-to-human xenogeneic immune response; indeed, porcine 
CD47 is unable to induce the tyrosine phosphorylation of human SIRPα. (15) 
Overexpression of human CD47 in porcine cells can suppress the phagocytic 
activity of human macrophages against porcine cells in the xenogeneic immune 
response. (15) The compatibility of amino acid sequences between human CD200 
and porcine CD200 is 82.7%. The present study demonstrated that over-expression 
of both human CD200 and human CD47 in PECs had suppressive effects on 
phagocytosis by human macrophages. The CD200-CD200R interaction is known to 
play a central role in the suppression of cytotoxic activity and cytokine secretion; 
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similar to CD200, CD47 also had suppressive activity against cytotoxicity and 
cytokine secretion. 
CD47 transgenic pigs have been generated for xenotransplantation and 
demonstrated to improve both engraftment in a model of pig-to-human 
hematopoietic cell transplantation and xenograft survival in a model of pig-to-
mouse skin transplantation using hematopoietic porcine cells with human CD47 
overexpression. (16, 17) Considering the beneficial role of CD200 in suppressing 
macrophage activation in response to xenogeneic stimulation, CD200 transgenic 
pigs could suppress xenograft rejection by inhibiting the pro-inflammatory activity 
of macrophages and thus are suitable for xenotransplantation. However, 
overexpression of human CD47 in PECs or other nonhematopoietic porcine cells 
has not been reported to improve xenograft survival. According to the present study, 
the suppressive activity of the co-expression of human CD200 and human CD47 
was more effective against human macrophage activation than that of the single 
expression of CD200 alone or CD47 alone. Therefore, we suggest that double-
transgenic pigs with overexpression of both human CD200 and human CD47 
would lead to better xenograft outcomes in nonhematopoietic porcine cell or organ 
transplantation. 
The present study was limited in that only in vitro systems were used to 
investigate the role of human CD200 in suppressing macrophage activation in 
response to xenogeneic stimulation. Further in vivo studies with a 
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xenotransplantation model are needed to confirm our findings. Nevertheless, the 
present study is the first study to demonstrate the significant effects of human 
CD200 on macrophage activation in response to xenogeneic stimulation. In 
addition, the co-expression of human CD200 and human CD47 was more effective 
than CD200 alone or CD47 alone in suppressing human macrophage activation in 
the xenogeneic immune response.  
In summary, both human CD200 and human CD47 suppressed the activation of 
human macrophages in response to xenogeneic stimulation. Moreover, the 
suppressive activity of the co-expression of human CD200 and human CD47 was 
more effective against macrophage activation than that of the expression of either 
CD200 or CD47. Therefore, the generation of double-transgenic pigs with human 
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서론: CD200 단백질과 CD47 단백질은 대식세포의 활성화를 억제할 수 
있는데, CD200은 대식세포의 염증성 사이토카인의 분비를 억제하고, 
CD47은 대식세포의 식세포 작용을 억제한다. 이종 면역반응에서는, 인간 
CD47를 돼지 세포에 과발현했을 때 인간 대식세포의 돼지세포에 대한 
식세포 작용을 억제함으로써 이종이식 거부반응을 억제할 수 있다는 보
고가 있었다. 이에, 인간 CD200과 인간 CD47의 인간 대식세포의 이종면
역반응 억제능을 비교하고, 나아가 CD200과 CD47을 동시에 과발현시켰
을 대의 효능을 평가하고자 하였다.  
방법: 인간 CD200과 CD47를 발현하는 렌티바이러스를 제조하여 돼지 
혈관내피세포에 도입한 후, 돼지 혈관내피세포가 인간 CD200 혹은 
CD47을 안정적으로 세포막 표면에 발현하거나 분비할 수 있는 세포주를 
구축하였다. 인간 CD200 또는 CD47 과발현 돼지 내피세포주와 인간 단
핵구를 함께 배양함으로써 인간 단핵구의 염증성 사이토카인 분비, 돼지
세포에 대한 독성작용, 증식 반응과 식세포 작용에 대한 인간 CD200과 
CD47을 단독 또는 병용했을 때의 억제능을 평가하였다. 
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결과: 인간 CD200 또는 CD47이 과발현된 돼지 혈관내피세포와 인간 단
핵구의 이종 면역 반응에서, 인간 CD200과 CD47은 인간 단핵구의 돼지
세포에 대한 세포괴사 및 세포자연사 등의 세포독성작용을 억제하였고, 
단핵구의 식세포 작용을 조절하였다. 또한 이종면역반응에서 인간 단핵
구의 IL-1, IL-6와 같은 염증성 사이토카인의 분비를 억제하였고, 돼지세
포의 이종면역자극에 대한 인간 단핵구의 증식을 억제하였다. 이런 면역
반응의 조절능은 인간 CD200과 CD47이 함께 돼지 내피세포에 과발현되
었을 때 더 큰 효과를 나타내었다.  
결론: 인간 CD200과 CD47은 이종 면역반응에서 인간 단핵구의 활성화
를 억제하였고, 함께 발현되었을 때는 더 큰 억제능을 보여, 향후 이종이
식 거부반응을 억제하는데 유용하게 활용될 수 있을 것이다. 
주요어: 대식세포, 이종이식, CD200, CD47, 돼지 
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